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(54) RIGID POLYURETHANE FOAM AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To produce a rigid polyurethane foam which has high strength and a high effective 
compression ratio and which, even when thin, has high impact- absorbing or impact-damping 
properties by using water as a foaming agent. 

CONSTITUTION: An alcohol ingredient comprising 55-95wt.% (exclusive of 55) polyoxyalkylene 
polyol having an average functionality of 2.5-6 and a hydroxyl value of 400-600mgKOH/g and a 
monohydric alcohol having a hydroxyl value of 400-1 ,800mgKOH/g is reacted with an aromatic 
polyisocyanate using water as a foaming agent in an amount of 2.5-5.5 pts.wt. per 1 00 pts.wt. 
the alcohol ingredient to obtain a rigid polyurethane foam. The alcohol ingredient may further 
contain a plyoxyalkylene polyol having an average functionality of 2-3.5 and a hydroxyl value of 
25-60mgKOH/g and/or a polyol which is an alkylene oxide adduct of an organic polyamine. 
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-^ko^/x-^uiL-xii. tav;^S 
mxii. x^kv^'J^-^/^^H-fJk x 
fkv^Ua-^yifM-fJk x^l^^Un 
-jkE/^PbTJUx-T-jk xf kv^'ja-^ty ^ 
fjH-rWi'ffllf U >^ ij □ -;kE / 7-M^kx 

cox5 1 u>^'J =i-;u^y 7 'J— JUx-T-jk x^u> 

x-^ujai') . cne><??-fepv;u^sjc5[=n^f -s^u 
a-./KD^y 7;u*;ux— r;k 7U-;n-f 

;k : E/7^JU*^x-^U (fflXll ^PtfU>^U 
u-JkE/y^l/X-TJk T'P tfU>^U aj-;u^y 

x^;kx— ^^TSif) /«c<*:X)^(fe>n-5. ctibrot; 

7;u*;i/S<D^^li 1 ~4 u<(ii ~3) gg 

ici*. «a.tf. ifkvi/y^-wy/^n-f 
;u, x^u>^"j 3-,/kEy x^x-?;utt£0fd£ 

[0 0 3 2] 7;Hl-;UfiJc^ (A) *Stil57|?«J^->7 
JU*k>7|?U*-^ (a1) i^Ey 7;m-;U (a2)£-C 
S#0DfiJ^li. £-7;U3-;Ufilctt<a«*I 

+ I^>7t?ij3j— ;U (a1)<7)^ffili5 5~9 511% 
(5 5li%*ix9 5li%yT) T'&U, =E;7)l> 
□ (a2)tf>#*fg(i5~4 5M% (5M%JSLh 
4 5ll%fi) »JUt^7;l'a-j|/^ 
(A) iCfcOT. tf'J**->7;l/*k>7tf'J:*-^ (a 

]) t^yyj^-ji (a2)<t(DSij^tt. 

if=60~95/5~40il%, #£U<(i65~ 
9 0/10~3 511%. $^IC»*U<li7 0~8 5 
/I 5~3 01i%lSTfe5. 7/-|/3-;UfiEtt (A) 
t*'CC> ; E/7;l/a-;i/ (a2)©t«lt 1 0~30H 
%. ft\Z-\ 0~2 5M%figT££i§£#£l\. 

[0033] S5se7;nj-;u^ (a) BiliEfiEtt 

(al) (a2)lC*PxT. ^ e>lCffeW t KP + v-fb^l* 

mziis SfFiem 1 057^u^-*->7;i'*u>7K'j^-;kJ; 

*-J\, (a 3). fc<fctftf U75>!fc7H l J**->7;i/*l<' 
(A) li, Ztlt><DrfV*-)l' (a3) (a4)<75e>^^/d: 

^^:#^T-^,^T i t)J;l^ < , 'J ^+ '> 7JU+ k >/K U ^ 
-;U (a3)li-bJU0DPBP/j:<h'IC^L, t|?U75>^ 
'J ->7;U+ U >7t^ 'J ( a 4) (imiSSODtej— (b 

[0 0 3 4] 7KU^-^->7^^l^>^iJ^--;U (a 3) 



(6) 
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c^u*-^ (a3)«. wmsmmm.2~3. 5 m 

£L,<li2. 5~3. 5. $e>lC#£ U<li2. 7~ 
3. 3) . *Klf 25~60mgKOH/g L 
< I J 2 8~6 Omg KOH/g, $ e>lC»$ U < li 3 0 
~6 0mgKOH/glS) £*Tf -SifclC. /tfy** 

->x^u>*a<^#^ai±5M%JUT (»*u<iio 

~5M%. $eiCST^KIiO~3Bfi%gg) T35 
•5. rfVX-Jl (c) £>7k$gfi# 6 Omg KOH/g 

*3£*;k^giJP#SPS|lJ;**l. 7k&»i#2 5mg KO 

h / g *.mx-$>z> t k AASfflit 

[0 0 3 5] Sfc. 7tV**isT)\,*\s-S7£V*-)l 
( a 3) <D±7k&m<D O *>*^-«S7kBI«<7)9J^li 1 5 

[0 0 3 6] C£><fce>fc7ltiJ*-,U (a3)li. 
S»2~3. S<D£m7Jl=i-MZ, 7]c&»l£2 5~ 
6 Omg KOH/glC=J>hP-7l/UJ&:;&*&. Zfn\Z.\s 
>**l7--f KJ&«h*<07 ^;u+u>^-+i7--r K£ttiPXIitt 

[0 0 3 7] 8fjIEWtSg£*2~3. 5 <Z>£ffli7;ka-;U 

;k :?*Ptfk>^y n-;k >^Ptfk>^y a-;k 
1, 3-:7*>v*-Jk 1, 4-^>5>*-Jk 
1, 5 -^>^>v7l--;k 1, 6 -'N*l7->v:+-,U 

ftifoy*-* (2 wtgl*£ffi7;k3-;u) . ^u-fey 
>, hU^^D-^yp/O. HJ^p-JUx^/j: 
i'<D3W#gtt^fi7-»ka-;u*mi*T-fflU/£y. XliiS 
^/«Efij^-c>i^sciicj;yiitJiT-^s, Sfc. i# 
=f- f c 4 m±<z> t h p * ->jvm & m r z> &m 7 -j\> 

mx.lt. 1>*JLVX*J\ — ;k y^l'J^Uh 
-;k v^'J-bu>. >?\/k*/-n>*>K, v;ut*l — 
;k ->anto£<D**Mt£) tmti2^m^m7A 

mm&w 3 . 5 jut t <t*«t p ^iia^iij^Tim^-r-s 

[0 0 3 8] m%Z§>m7J\>?-MzmQ-t2>7)\s*U> 

Kiel*. milBirlHl^lc^ x^k>:**-tM K, 
yPhfk>^-+-y--< Kfc£<DMjK»2-4*Ig£>7;kk 
k^+tM- K#t$n§, #£LUt|* y*+->7M 

k>7|ty*-;u (a 3) ct> H5ie^<i7;H]-;kD^Ptf 
[0 0 3 9] ^<i7Ji^3-;nc7;u+k>*+-y--f K# 

#APUfc/1fy^-+->7;U+k>7tf 'J:+-;U (a3)tt. * 
J4T'Xli-ffliU±>S^-r £ C £: IC J; y . HuIS¥^W#gS 

^p-;ut-£-5. 
[0 0 4 0] B3iE7;Ua-;UfiJc^ (a) 4ftic«t5?K 
■J*-;U (a3)OM£fi. «Atf. 0-2 011%, $? 



*L<iii ~i 5mm%, $e>ic»su<i*3~i on 

■ %g£T*&£. 7t^y*-7l/ (a3)fl)i^20il%S 
[00 4 1 ] 

7^u75>^y^'>7;u^k>7t^y^-;u U4) 

cro^y75>^/Hy^--/U (a4)tt, ¥«D^tgSlfc3 
~5 (»*U<«3. 2~4. 7. £6>lC»£b<li 
3 . 3 ~ 4 . 5 mm JSiZfifrMmm I 50~800mg 
KOH/g ($?*U<li2 0 0~7 0 Omg KOH/ 
g. Se>l:ff*Kli3 0 0~6 0 0mgKOH/g§ 

[0 0 4 2] 7(?y 7S>^tKU7|--;U (a4) iCfc^T. 
^ 1 »7KBIS(0fiJ^tt, ±7k^SfflOP^1 5%JUTT 

[0 0 4 3] 7l*y7£>mtfU*-;U (a4)lig«Jl^- 
£^tm&£ffi75><bi^£PiiiS8J£kT. c*iic7 

^ieigh icas-r s c: <t ic«t y c 

[0 0 4 4] ffi%i§>m75L>it£mztt, tf^rtlC. 7 
5 y SlCEfeSfc-f -5'>/S< <!: t) 2 00;gtt7km^«h7KBI 
g|C[&3fc-r-5'>£:< <hfc 1 0(D;Stt7k«H^i:**-rS 
<b^. 75yglCffi3Rt--5^<<!:t)3 00;Stt7k* 

7 5>-fb#^icii. CTx-if. (^y) 7;u+u>7t^y7 

7/U*y-7k7 5>S^S^'J75>^e>S 

[0 0 4 5] C(D=tp^k^tUTIi. X5^ 
kVy72k vX^k>h'J7S>. K'Jx^k>x 
h^s >, -^h^x^ky^^sx ^+-y->^k> 
x7Sk ^Ptfk>^75>. v7 p Pbfk>^75> 
t&E<r> (7t^ «J) 7;U*k>7t?U75> ; ^/x^y-;u 
75k >?x^y-;U75>, hyx^y-;u75>. 
-f v^n/ty-^zsk -<v^y-;kT = >/d:<t'<D 

7;k*/-JU75> ; />t>y75k ^V7t^P>-/ 
75 >, tf7 (4-75/-3-^f^DA+-> 
)V) v7 5/i7->7>p/\+->;u>^>. t'^. 

(Ji/^fW ->^P^\+-y->/j:«i:(DBiSSl7Ky7S 
> ; 7i-kVy7S>, >**->'J k>v75>. h 
'JkVy75>S (2, 4-/2, 6 - h'J U>y75 
>^f>2, 3-/3, 4-hUU>y7t»Sa , v7 

y75yyl^y7i-W^/i<!:©y75 
yy?!-^^^ #U>fkv|U7i^g 
75>ltS^<i:W3?#ge7^U75> ; 7 5y'X5 L 7Ptr^7 

y75 J bf "J v>/j:«t:05flgWie75 >«^We. 
n*. c:tie.(D*«|^fiili7 5>'fb^l±-aX{i-MJU 
±il^UT«fflT$So cne>W^^fiE7 5>^b^ 
©5^. xfkVy75>/i<!:© (7|*y) 7;U+k>7^ 
'J7SX hU k>v75>IS<£ { !f©^#^U75> 
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[0 0 4 6] 7t?U*-;U (a4)li7*-A(D-b;H5*Jffl 
^<-T5±TWfflT^-5. T)l^-)\,J&ft (A) ICttf 
•StH'J*-^ (a4)tf)^rll±. 0iJ>LI*, 0~2 0il 
%. U<(*1 ~1 811% (0iJ*.l*, 3-1 711 
%) , $e>IC#3;U<l*5~1 7Bfi%Hg-C&-5. 
U*-,/U (a4)<7)#Wl#2 0ll%*gx§<!: > i>)V 

[0047] 7;ua-^««- (A) #\ ^g*-^ (a 

3)&tf/XI*tf l^S^S^'J*-^ (a4)£#fri§ 

•So 

[0 0 4 8] t£V*-J\, (a1) : 6 0~9 511%. » 
*KI*6 2~9 311%. £&IC#£ L<l*6 5~9 

oii%sg 

'EyTJl^-JU (a2) : 5~3 0M%. »£L<I*7 

~2 5ii% $e.ic»*u<i* i o~2 omm%mm 

t£V*-)\, (a3)&tf75>^7tt'J:*-;U (a4)(D5^ 
'>&<<hfco-fft;&>-:fi<D/£tt : o~4 0ll%, 

U<l*5~3 5ll%, SSlCjfrttKf* 1 0~3 01 

i%ag. 

[0 0 4 9] 5?3;Ll\7;l/=l-;U£5i- (A) (*, t^U* 
*->7 , JU*U>^'J:t-;U (al)60~95ll% ($? 
£U<I*6 2-9 311%, £ S> (C$?i: U< 1*6 5~9 
0ll%flg) . t/TVUzi-^ (a2) 5-3 0|1% 

(»£U<I*7~2 511%. Se>lC$?3;U<li1 0- 

2 011%8t) , ^'J^-+->7+U>^'J*-;U (a 
3) 0-2 011% (jffg;U<l*1 -1 511%, * e>ic 
ffJU< 1*3-1 011%SS) fCmtitZ tlT^*. 

[0 0 5 0] #lCffi*RS4X««t UT#ig£®«tf 'J U 
*>7*-A£'#.57i:tofC(±, 7;U3-JU/dctt (A) I* 
#'J75>*#'Js(--,/l» (a4)«dtrt>«f&£UO. C 
(D&ottTfr^-fri&ft (A) lCl*;*(2J;?>&$Ifi£;0^ 

[0 0 5 1 ] 7$iJ*-)l (a1) : 6 0-9 511%. » 
*U<li6 2-9 311%. 2e>lC»$U<tt6 5~9 

3 11% fig 

^Ey*7MO-A- (a2) : 5-3 011%, #£L<I*7 
-2 511%. 5*t>lC#g;U<l*1 0-2 Oll%fig 
rt>J*-JU (a 3) : 0-2 011%. $?£1><I* 1 - 1 
511%. $e>lC#£ U<l*3~ 1 011%SS 
7S>I^U^I/ (a4) : 0-2 011%, »SU< 
1*3-2 011%. $e.lCiT*U< 1*5-1 7ll%fl 

So 

[0 0 5 2] «&©/£5mfric£ftrc7;l/Z>-JI/Ji£# 

(a) ©¥iti7jcKSffliif*. mw*<D%i&jBiztm%if±ffim 
%.zfim-&\z£vmmvg&. yj^-ju&K (a) 

i^Tk^Sffil*. 0"J*.l*. 3 5 0~7 5 0mgKOH/ 



g, $?*U<I*4 0 0-7 0 Omg KOH/g, ££>|C 
#£U< I* 450-680 fMgT'£-5o T^-JU&ft 

(A) 0>¥«D7k&S<I# 7 5 Omg KOH/g£fSx.5 
<t, $fcit*i;S^#i§<£: l Jj©#, 3 5 Omg KOH/g 

lCg*;*ft.55ig£?E£T£fcO. 
[0053] /jfc, miie7;i/=i-^» (A) (*. &g 

[0 0 5 4] b1JIS7;U3-;u^ (a) <h(E>S/&lc <fc U 

h (B) (*. 5S=#]5rcfcU. dOSIM^U'JU^^^* 
-A£JBfirc#5l5gy. ttlCffillRStlftli. ^HV-> 
7*-h<hLTf*, mi**. h'J U>v-<V->7*- 

h, 7i-l/>y'fV->7*-K *->UU>S?-rv-> 
7*-h. y7i-;M*>y-)'yy7*- h. h U 7 
x=A-**>h'J-fV->7*-h. 7t?'J*^U>7|*'J7 
i-;U7tfiJ^ V->7^- h. t7^l/>y^Vy7*- 
h&i: WJ^$tl-5o Ctlb©7tf^ U -< V->7*- 
hl*, -a37.l*-ffitl±ffifflT#*„ 

[0 0 5 5] Cft<&©7|?'J-fV->7*- V<DO%. SJEB 

U-r V->7*-K y7i^/^>y-{ V->7*- h 
&tfcne> h'J U>v-f V->7^- h (TD 

I) , ^;U-Kh'JU'>v ; 'fy->7^.-hS^cnb(D 

-M'J-fVy7V hi*, mi*, 7^'J >£*Jl.A 
7;U7 r t h*<tOi8^S/SlC*:U^t--5$S^75>*^ 

5igtT*ott)j;i^ mHH^»ftici*, ±ie7Hu-f 

V ->7*- h <btf 'J *-;uatOR*6lcJ: U « e>tx-S y 
U^'J^-SK. W&fcm V->7*- h (eiJAI*. 21 
tt. 3lf*^:<!:ro^l<*. *;U7Kv-r 5 h'#, til/-; 
hS14^U-i'V->7^—h, 7P7N^-h^tt<*. 

[0056] *#ic. m^mm^'j^vi/y^-ho? 

■fe. KM D I , C-MD I . 7t? U > 'J 'y^MD I 

t t)f*Sn-5/t? 'J y f- \/># U 7 i-^7t? 'J V ->7^ 

U-<V>7^- hi*. 2 S'ClCtSlt-SttjgA^ 0 0 5 'J 

l\. C(7)«t5ni:7H l >l^5 i U>^U7x-^U'f V->7 

^-hi*. ffyxi*. ssas oi.^^^- hM-2 o sj 

(2 5 c CIC*3(t-S*i5S 1 8 0SU/a7J^ ■ (•tr>5 1 
Tt^-TX) ) . IVUT^*- hM- 1 2 SJ (2 5^^*3 
It^ttJgi 2 0S'J/UM-» (-tr>^-fX) ) t 
UTKEB/n'— 7-T y>a7y^>lS d^A^T 

£. na« rsy^-hMR-2ooj iuxa*^ 



2 0J, r75yi-JM4V-1 Oj tLTttS/W 
m) iSSSS IXtf-1 3 5J <t l/TH 

gfc/iE^ (#) »&A¥T*«. 
[0 0 5 7] ^#it^UfV->7^-h (B) li v 
< <t femiie^ u * =3- 1> >t|? 'J 7 x 'J -f V -> 74— 

* U 7 x -;Ut(? U -f V -> 7*- h <t ffeO^SSt^ g -f v 
•>74— h (^JcWtt^ilf Stfg-r y->7*- h) 

7*-Azmttst>\zi*. BMie^g^^u^^g^x^. 
ji^gf v->7*- hittic mj u>>?-f v->7*- 

<hPI«l(c. ^U^gv-li. £tt#'.M v->7*- h 
**l-5„ tulB^gf V->74-h^(0^3H*©#ffllC 

<fcg. ^e.n-57*-A<DWJi±*^#<^g. mnmm 

li. mif. m&z, r^^-h-8oj iUTaea^ 
ail (**) fr^Afcs, ^;i/-Kh'ji/>y-fy-> 

7*-Mi, flRlf. iSSS rm-h-4 0 4 0 
Cj tUTRffl^SaxH (1*) a>£A^T#-S. 

[oo5 8]&j3, 5f#&*g-rv->7*- h (B) 

4- h>St'cc>as^7jtg-f y->7^- Kft<i:Offe057t«g 

[0 0 5 9] *PIWO^;£Tli. »E7^3-^*» 
(A) £5?#8itfg-f V->7*-h (B) <h£. fifeSJ 
<hUT<D7k<D???£TTEj£;*i±3c<hlC«fcy. S»*g 

J&tt (A) 1 o 0S«a5lc*tLT, fg;£SJ<hUTW7k 
(C) 2. 5~5. 5fiM5. JfiL<li3~5ll 

bp. $e>ic»su<ii 3. 5~4. sasgugg^fflo 

<h, g£U*>7*-A£^&iZ<i:;&<Bfrr-&.& 

[0 0 6 0] /cCfc. mJlEcDJSJESlCfcUT. ^;S9Jd:UT 
7mt£teffl^-5 L I !&ET»nil /NP 

y ><t»fc* > * <!: ®36 A ?k i: ft lc 
5g;S8J <!: U Tffiffl bTt<fcl^ 

[0 0 61] 7k^ft#-rssjE5^T<DBuiE7;i/=i-;ufi)c 

# (A) <h?rS5£7Kg--f V->7*- h ( B) £<7)J5J& 

i*. a§ssfc-rv*>7*-h»». «jttf. -rv->7*- 

Mi»7 0-1 50, $?g=U<l± 80-1 40. £t>(C 



#£L<li90~1 3 0SgT-*7?<D##£ UIV 

[0062] miEs^micii. ffl/f(D^»Daij, mxn. 
m&m. mm. mmvt. &itm±m. mum. *e>8jfc 

<h'(D^*Q»J£;^ilQLT i bJ:0,, iifilEll;£SJ£ UTIi. ii 

fUfflSE+i-sw^T^ g •> p >ftin<$i*jf $ u < ffli^ 

icy h*ti!!<D TB-8 4 0 4 J , TB-8 0 17J. 
B*ar*- (» go TL-5 4 1 0J , TL-5 4 
20J, rsZ-1 1 27J , 5 8 2 J , jfcuy 

C7a-->^ (») so rs h- i 9 oj , rsH-1 
92j. rsH-i 93j > mmtm (m ictf- 

345J, TF-341J, rF-2 4 2Tj fti'^f 
(fe»tlS. H;S»J<7)ffifflfili. fflZli. 7Jl>3-)\,tfLtt 

(A) 1 0 OSSBPlCttU-C 0. 0 1~3»MaP. ft 
*U<li0. 0 5 - 1 BfigPSST-fc-S. 

[0 0 6 3] *3SWlC<fctttf. MI!*a?l^Ci:(C. Jx^fi*) 
Stt^UX^^^^-Affl^SfiiJ (mtf. B-8 0 
1 7) ^fflix-Sii^icii. MtbT'&mti-tJb&GtZ? 
*-&&mi$.T'Z. SH-193, F- 3 4 5 <t;£tt£ 

S? Ufc y . ;Stt©S>5:-51S>SaiJ* ;J1^ UTffiffl-T -5 C £ 
(c«fcy. -fe;KZ)^S:iiiiiT'#r-5o ^e*3, -trjl/gcD^:^ 

S;S9JW;S1±li. mtf, W«g*g->P+t7->lcfclt5 
[0 0 6 4] mUEMSEi uxii. «ffl(Dfl!i«J5Bh m 

7 5>^ftfe&£fflU<Si§£#£.U. ^3$R75>^« 

h7/fM*1f>y75> (TMHDA, r^^-^-f 
tf-No. 1j (TEi («) IS) . rha + fyhM 
RJ (*V- Wl) ) , ^^if^^^x^U^h 
U7S> (PMDETA, r^j^tf-No. 3J 

(?Ei («) £E) ) . r^33 3LVj (17-^ 

Py*y*ttS) ) . tX (2-y>^75yi^) 

x-t;i/ ( rha+f^ETj (mv- H) ) 

[0 0 6 5]!f#lC. TMHDAit'^ 

^ U<ffl(,\P,tX-5o TMHDAtt'^ (2->!^5 1 v'U7 
S/X^U) x— 7MI/£CD9J£li> IKInIbHTSJRT 

«Af*. hu#/&#=1 0/90-95/5 («» 
SP) , »*U< Ii3 0/7 0-9 0/1 0 (MSB) , 
$e>IC»*L<li5 0/50-90/1 0 (BfiSP) S 
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[0066] mtzmmmt u-m, mmontK. mx 

li. MJ *£PP:/Ptr;i>*7 7i- h (TC P P) tz 
7)l^-)V&Lft (A) <Z>:7Ui ICE? UT. ffl 

[0 0 6 7] *&0j0>5acic.fcftf2. 3g>£SJ<!:UTll« 

# (A) t^SHS^'J-rVvT^- h (B) £££Jfc<* 

ttscticty. mm^^mm^ii^x^mtm'm 

$iJ5l>?>7*-A£'&Z>Ztt><-CZZ><, tits. Tt^'J 
75>^7t?'J^--;U (a4)$7Jl/3-M» (A) <£>- 
gBiUT^ftPr-SCtlCcty. 7*-A<D-fe;l,i§£8g— 

[0068] miEros/^icty^^n-s^K^'Jou^ 

i4±tfU£*li. 5 0~9 0%. $?£U<li5 5~9 0 
%. $5>lC»*L<(i6 0~9 0%f§gT*^ o J43lft 
5 0 %*MT'&Z> £m%&<Dmmffi&T U 9 0 

* (%) li, 1 0 0-i£3lS;S* (%) Ta-fchtfT 

[0069] $e>ic. i&um.nrt*)oi'-5>>z?*-&<D 

%M(DW-^)imt. mz.\£> 0. 1~1 0 mm, #3; 
U<liO. 2 ~5 mm, £ e>lc#£ U < (i 0 . 5 ~ 3 m 
mggTfeS. spHg-fe^UStfO. Smm^f^t, 

1 0mm£*Sx.5£:. 
tMOW- ft#£ Life U , 7 * - AftjfcHlcJWiijGf 

[0 0 7 0] mt#iJ9U*>7*-A0!)att(2. JKt% 

HBT?atR-c*. a£fi;sic<fc.5 7*-A(E>gBgfi, #j 

Atf. 30~60kg/m3 , »$L<li3 0~5 7 k 
g/m3 , $e>lC»*U<(i3 2-5 5 k g/m3 fig 
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